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摘 要: 废弃地复垦成为土法炼锌区面临的主要问题 , 而重金属(Pb、Zn、Cd)的调控又是复垦中的首要问题。为了探索土法炼锌区废
渣和污染土壤中重金属的迁移扩散和转化规律,对经过土法炼锌区河流进行了监测 , 以及用水浸提废渣、用 HNO3 和 NaOH 分别调
控废渣和污染土壤的 pH 值、采用 5 步萃取法测定重金属化学形态、用腐殖质、EDTA、不同量的石灰等处理污染土壤后进行苗圃盆
栽试验。结果发现 , 河流重金属主要来源于水土流失 , 集中在悬浮物和沉积物 , 防止水土流失非常必要 ; 废渣中的重金属用水浸提溶
出量很少 ; 废渣中的重金属随 pH 值降低溶出量显著增大 , 污染土壤中的重金属随着 pH 值的增加溶出量减少 , 增加到 9 以后 , 溶出
量反而增加 , 因而控制废渣的 pH 降低和适当提高污染土壤 pH 值可减少重金属的潜在危害 ; 废渣中重金属可交换态含量极低( <
0.1%) , 其他的形态含量远远高于背景土壤 , 污染土壤中重金属可交换态含量远远高于背景土壤和废渣 ; 施用石灰使土壤中 Pb、Zn、
Cd 的 DTPA 提取态分别降低了 83.9%、23.1%和 79.4%, 白菜中 Pb、Zn、Cd 的含量分别减少 97.2%、94.7%和 89.4%, 因而在土法炼锌
区废弃地复垦中调控 pH 值是一种实用而有效的措施。
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Abstract: The reclamation of the abandoned land is one of important ways to reduce the erosion of soil and control heavy metal pollution in
the indigenous zinc smelting area. When these areas are reclaimed, the primary issue is how to reduce the bioavailability of heavy metals in
these soils. To reveal the migration and transformation mechanism of heavy metals in the indigenous zinc smelting area, water of the river
which passes through the area, in Guizhou province, China, was surveyed to determine the concentrations of cadmium (Cd), lead (Pb) and zinc
(Zn). Meanwhile, speciation distributions of metals (Cd, Pb, Zn) in sediments of the river, soil and waste residue were determined by a 5- step
sequential extraction procedures(SEPs), and the change of potential toxicity of these metals were explored under different physical chemical
conditions which were adjusted by adding different chemical products. The results indicated that lots of metals were bond with suspended par-
ticles in the river water, and these metals mainly came from soil erosion of the smelting area; therefore, the prevention of erosion is an impor-
tant way to reduce metal pollution in the study area. Normal waste residue was alkaline, and little metal was water extractable in natural waste
residue for all three metals; however, with the pH value of the residue decreasing, the water extracted metal increased significantly. On the
contrary, the polluted soil was acidic in the studied area. The water extracted metal decreased gradually with the increasing of the pH value
when pH was lower than 9.0, but increased with pH value increasing if the pH value was higher than 9.0. The content of heavy metals of the
waste residue at exchangeable form is very low (<0.1%). But the others were higher than that in background soil. In polluted soil, the content
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of heavy metals at exchangeable form was higher than that in the background soil and contaminated soil. Pot experiment further showed that,
with the application of lime, DTPA- available lead, zinc and cadmium dropped by 83.9%, 23.1% and 79.4%, respectively. The lead, zinc and
cadmium contents in Chinese cabbage dropped by 97.2%, 94.7% and 89.4%.These results indicated that appropriate adjustment of pH value
can reduce the potential hazards of heavy metals both in waste residue and in polluted soil. The regulation of the pH value in the land recla-
mation of the indigenous zinc smelting area was very practical and effective.


















和污染土壤的 pH 值 [8], 测定其水溶液的重金属含量
去探索重金属的形态转化和迁移扩散, 弄清废渣和污










至 2000 年 , 已有 1 000 多个土法炼锌“马槽炉”的规
模[9], 研究表明矿渣、土壤和沉积物 Pb、Zn、Cd 大大超
过背景值[9、10], 对生态环境污染严重。
1.2 分析方法
水样经过 0.25 μm 滤纸过滤, 悬浮物和滤纸经过




将重金属分为 5 种形态: ①可交换态 ( F1) :1 mol·L- 1
Mg(NO3)2(pH=7)提取; ②碳酸盐态( F2) :1 mol·L- 1 NaAC
(pH=5) 提取 ; ③铁锰氧化物结合态 (F3):0.04 mol·L-1
NH2OH·HCl(溶 剂 为 HAC)提 取 ; ④有 机 态 ( F4) : 0.02
mol·L- 1 HMO3 和 30%H2O2 及 3.2 mol·L- 1 NH4AC 提
取 ; ⑤残渣态( F5) : 用 HF+HNO3+HClO4 进行消解 , 重
金属元素用原子吸收分光光度法测定。
废渣和污染土壤样品采用 1∶5 土液比 , 称废渣和
污染土壤 5 g, 加水 25 mL 在 50 mL 的离心管中, 按一
定的比例用优级纯的硝酸调控废渣 pH 值, 用 NaOH
调控污染土壤的 pH 值, 室温下以 120 r·min- 1 振荡 40
min,3 500 r·min- 1 离心 10 min, 取上清液 10 mL 用于
测定重金属含量, 然后用 pH 计和电导仪测定 pH 和
电 导 率 [13], 废 渣 和 污 染 土 壤 重 金 属 总 量 测 定 采 用
HCl+HNO3+HClO4 消解; DTPA 提取态的重金属, 采用
pH=7.3(HCl 调节)的 0.005 mol·L- 1 DTPA+0.1 mol·L- 1
TEA(三乙醇胺)+0.01 mol·L- 1 的 CaCl2 溶液 , 按照 1∶5
的土液比 , 室温下以 120 r·min- 1 振 荡 2 h, 3 500 r·




控,每个花盆装风干污染土壤 , 共设计 5 个处理 , A: 2
kg 污染土壤+0.2 kg 石灰 ; B:2 kg 污染土壤+0.4 kg 腐
殖 质 ; C:2 kg 污 染 土 壤+0.1 kg 石 灰 ; D: 2 kg 污 染 土
壤+2 mmol·L- 1 的 EDTA ( 收获前 15 d 加入) ; E: 2 kg
污染土壤。2005 年 10 月 25 日将 30 粒白菜( Brassica
chinensis) 种子播入盆中,每个实验设 3 个重复。2006
年 4 月 1 日收获。白菜收获后全部用自来水冲洗 3~5
遍, 再用去离子水冲洗 2~3 遍。用 105 ℃进行 30 min
杀青, 然后用 65~70 ℃烘 24 h 左右。称量得到生物量
后粉碎。用 HNO3+HCl+HClO4 消化, 原子吸收分光光
度计火焰法测定重金属含量。
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